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Introduction
The commercial success of open source software, along with a broader socio-cultural shift towards participation in media and cultural production, have inspired attempts to extend and expand open-source practices, for example into the realm of culture through 'Free Culture' movements (Lessig, 2004; Gautlett, 2010) and, more recently, an interest in 'open-sourcing' the designs of material objects, including communication hardware (van Abel et al, 2011) . This paper provides a What is sometimes referred to as an open-source 'movement' grew out of norms and practices connected with several specific subcultures including the 'hacker culture' that developed at MIT in the 1960's and 1970's (Levy, 1985) . From these somewhat marginal origins, open source practices have since contributed to transformations in software production paralleling current transformations in media use. The success of these interventions has raised questions about whether open-source production is connected with a greater democratization of software production processes, in which a greater number of participants are able to contribute, and in which control of the production process is more broadly distributed, participatory and autonomous. The normative values of 'open' and 'free' associated with these changes in software production have also underscored the associated expectations about their democratic potential (Coleman and Golub, 2008 ).
These changes have raised tensions between the internal governance processes of opensource projects, and the external relationships between open-source projects and various markets, including the software production market, the markets for communication hardware, and the global labour market. In this paper I examine claims about the relationship between free software and open source software, and the influence of both of these movements on open hardware and the purported democratization of digital media production. How have specific cultures and associated legal codes become associated with democratization of media production? How do these forms of knowledge define and transcend the boundaries between technical subcultures and other participatory cultures?
Open-source software as an industrial process grew out of the culture of free software development, but departed from the latter's political focus on the value of sharing and the maintenance of a knowledge commons, and instead focused on the efficiency of open-source processes for software production. Within the software production industry, open source is broadly perceived as creating more democratic, "free" and "open" innovation structures. Following this, attempts are now being made to replicate the process in other fields of technology production, notably the production of designs for electronic hardware and other physical objects. To illustrate the challenges of an expanded notion of 'open' contribution I examine the case of the Open Hardware and Design Alliance (OHANDA), an initiative seeking to apply the norms of software freedom to hardware design by creating a licensing scheme. I investigate how open-source legal tools act as 'boundary objects' (Star, 1989) unevenly delineating different communities of practice.
These negotiations at the boundaries are increasingly important as knowledge -and mediaproduction processes increasingly engage with open contribution structures.
I work from a constructivist perspective within communication studies where technological production (both materially and discursively) is considered as a site of knowledge transfer or exchange (Bowker and Star 1999) and as an element of controversies mobilizing opposing social or cultural perspectives (Callon 1981) . Jasanoff (2004) describes how knowledge and practices are coproduced in these kinds of situations: "the ways in which we know and represent the world (both nature and society) are inseparable from the ways in which we choose to live in it " (p. 2). The expansion of open-source is marked by boundaries that are delimited not only by identifications with different communities of practice -groups of people who share common interests and who inspire learning by doing (see Lave and Wenger, 1999) -but also by the function of the legal tools which the communities choose. Although this paper broadly contributes to a political economy of 'openness', it departs from the primarily Marxist perspectives on labour sometimes employed to discuss free software and open-source (for example, Dyer-Witherford, 1999; Bauwens, 2009; Hunter, 2004; Karatzogianni and Michaelides, 2009 ) as well as from the liberal economic perspectives such as Benkler (2006) , Lessig (2004) and Weber (2006) . Instead, its constructivist perspective focuses on how knowledge-sharing and governing tools co-evolve along with communities of practice. This approach is supported by a methodological practice including the following elements: a long-term participatory observation of the OHANDA project, including depth interviews with founders and participants, observation of and participation in workshops and other public events 
Background: Free Software, Open Source and Democratic Knowledge
The culture of sharing software code began as a political project within the free software movement. As expressed by Stallmann (1999) , it stressed the radical potential for knowledge exchange represented by software licenses stipulating that all products of free software should also remain free. Open-source software production, in contrast, adopted the idea of the commons of software code from the free software movement, but does not stipulate that all code must be subsequently available for free. The two processes are often conflated into an overall FLOSS (Free, Libre, and Open Source Software) group of processes, and associated with open and participatory production of new media systems. Previous research has suggested that collaboratively producing software code that is freely available for re-use creates more democratic production processes (Gristock, 2008) as well as more open cultures of participation and knowledge exchange (Lin, 2004) . Downing (2002) argues that the open-source software used by Indymedia collectives was a part of the movement's critique of mass media. Similarly, Langlois and Dubois (2005) and DunbarHester (2009) associate the alternative production of communications infrastructure like independent media and community radio contributes to broader and more democratic opportunities for civic participation, while operating as a critique of conventional mass media.
Despite these views of open participation structures as challenging to hegemonic forms of media, tension remains between radical re-interpretations of how knowledge or culture should be produced, and the co-optation of this knowledge by institutions such as the market. This is particularly evident within technical cultures where new knowledge produced outside of hegemonic institutions such as the market can contribute to transformations in these same institutions. Turner Marxist theorists identify this process, whereby marginal knowledge is capable of disrupting or being recuperated by the superstructure, as being connected with a dialectic mode of social change. In a dialectic, change is brought about through the conflict between an immediate state and its potential mediation, resulting in a new concrete synthesis (1845). Marx himself used this dialectic, drawn from Hegel, to describe how the exploitation of labour under capitalism is negated by the return to workers of the mode of production (1909; cited in Cammaerts, 2011) . Following, Žižek (2008) argues that a similar negation is presently occurring, as neo-liberal modes of experience, including the primacy of the free market and the dismantling of welfare state structures negate the socialist and communist ideals. In turn, neo-liberal ideologies are also allegedly being challenged by forms of bottom-up or rhizomatic organizations (Deleuze and Guattari 1987) and through both material and social forms (Feenberg, 1999) . Cammaerts (2011) argues that sharing cultures including open-source cultures enact a negation of Žižek's negation, in which newly participatory modes restructure capitalist exchange, and transcend assumption of finite conflict between differing ideologies. These dialectic modes of analysis are helpful in understanding the relationships between open-source practices and the market, but they are limited by an inherent assumption that the dialectic resolves into neo-liberal capitalism. The empirical work presented here suggests that resolution may well be more tenuous.
As an alternative, I draw on the ideas of circulating knowledge that Innis (1951) identifies and that Fuchs (2003) develops by way of Giddens (1984) . This cyclical flow of knowledge from margins to the centre remains dialectical: some knowledge will always remain challenging to the dominant modes; yet this knowledge can also be recuperated by dominant institutions. Unlike Giddens' (1984) structuration theory to identify human systems as re-creative systems in which knowledge is continually being reproduced. The complexity of these systems depends on the separation of time and space related to the storage of that knowledge. Within the context of changing modes of cultural and technical production, the circulation of knowledge, and thus challenges to and resistance of forms of hegemony are key, albeit unresolved, processes, as this paper explains. A dialectic remains central, but the examples developed below suggest that it is more unstable, since some elements of knowledge, culture and practice are re-created as oppositional and others influence institutional changes. As I explain in the next section, the movement of knowledge -and hence, of intellectual labour -from advocates of free software to open-source software production processes has significantly reconfigured the software production process,in part through an increased democratization, whereby contributions from a wider variety of actors destabilize neo-liberal market-based modes of assigning value, but also through entirely alternative ways of producing value.
From Free Software to Open-source: Challenge and Recuperation
The historical links between hacker culture, the free software movement, and the emergence of open-source modes of software production provide an example how circulating knowledge is suspended between challenge to hegemony and recuperation by it. As I explained above, the Free Software foundation, founded by Richard Stallman, argued for a radical democratization of software products. Free Software had its roots in a hacker culture linked with an ethic of individual liberty and technical prowess (Himamen, 2001; Levy, 1984; Söderberg, 2008) . This culture promised a particular critique of hegemony by identifying flaws in computer systems and building alternatives to them.
This generative form of hacking, grounded in shared values and ethics, has produced shared norms. Foremost among these, according to Coleman and Golub (2008) , have been the norms of software freedom that govern free software and supposedly contribute to the maintenance of commons-based knowledge including open-source. The freedoms are as follows:
The freedom to run the program for any purpose Software Freedom 1. The freedom to study how the program works, and change it to make it to do what you wish. Access to the source code is precondition to this Software Freedom 2. The freedom to redistribute copies to help your neighbours Software Freedom 3. The freedom to improve the program and, and release your improvements (and modified versions in general) to the public, so that the whole community benefits. Access to the source code is a precondition to this. (Stallman, 1999) These freedoms are at the heart of one of the most significant attempts to codify the practices of free software development and hacker culture: the GNU Public License for free software, developed in 1989. This license challenged copyright law by reversing it -insisting that all code created under the license be freely distributed and made available for future free use (Stallman, 1999) . The GPL codifies the re-use of software code, stipulating that the products of free software source code must maintain the terms of the license and themselves remain free, with the source code released to a publicly accessible repository. At least in theory, GPL licensing establishes a process of governance that is self-propagating and outside of control by the national, international and self-regulatory bodies that have in the past controlled the design production and circulation of information infrastructures and knowledge (Mansell and Berdou, 2008) . This generative process is meant to democratize knowledge about software and software production itself, an assumption that has been extended from the radical free software process to open-source processes in general. Still, the governing framework that is established by the social norms of sharing software products and the maintenance of 'code repositories' as suggested by open-source has also made an enduring contributionto capitalism. This illustrates the unstable and unresolved dialectic between marginal forms of knowledge and governance, and hegemonic ones. The following section takes as an example the movement of the GPL, originally a free software license.
Generative Hacking Opens the Market
The GPL has contributed to the transformation of the software production field and, as
Nissenbaum (2004) Their own knowledge about how to use and apply code from these repositories is becoming increasingly more significant, destabilizing the in-house software design processes that used to characterize software development (Weber, 2006) and inviting a more heterarchical organizational structure for software production (see Stark, 2006) .
As has been outlined here, in software, the circulating process of challenge and recuperation can be traced historically through the relationship between generative forms of hacker culture including free software, and open-source licenses as they are applied in industrial software production. This process has been less discussed, however, in other areas of open culture and open knowledge production. As the next sections of this paper explain, as software and hardware design converge, efforts are being made to develop norms for the production of open hardware design.
These efforts reveal a different movement of knowledge and another set of expectations about democracy that are salient for considering the long-term socioeconomic impact of democratic production of media. The next section examines the points of connection and divergence between cultures of software and hardware hacking, as a means of identifying further instances of democratic participation through collaborative production.
Hardware Hacking and Open Hardware
Hardware hacking activities, where physical devices are broken and remade, are part of a broad range of cultural practices that also include crafting, tinkering, and other do-it-yourself (DIY)
activities. Some cultural antecedents of these activities include the DIY and crafting cultures of mid-century America, where previously utilitarian practices became codified as leisure activities (see Haring, 2006 ) and the early techno-cultures of radio operation (see Douglas, 1987) .
Contemporary DIY can be divided into two broad types: utilitarian DIY, which is done out of scarcity of resources, and hedonized DIY, which is done for fun, often using commercially-available electronic parts (Hertz, 2011) . Hedonized DIY is part of a broader 'Maker' movement that allows for personal expression as well as exploration of how electronic media work. The availability of microcontrollers such as the Arduino and the ease with which they can be used has been part of an expansion of this hedonized production which in turn has helped to create a growing DIY electronics market, anchored by the O'Reilly company's Make magazine and the annual MakerFaire festivals which O'Reilly organizes in New York, San Franciso and Nairobi.
Within this broad set of cultural practices, modifications of electronic devices and other physical artifacts related to digital media range from primarily artistic endeavours like steampunk (Onion, 2008) , where elements of digital hardware are replaced in order to generate a nostalgic, yet high tech DIY aesthetic, to projects that evoke a role for citizenship (Ratto, 2011) , as well as re- The OHANDA project shares the goals of free software advocates in that it seeks to extend the principles of copyleft to hardware design. It also attempts to apply these principles to a formal process that will align the process of knowledge exchange about hardware designs with the process of sharing open-source software code.
OHANDA's proposal is to develop a trademarking system, whereby the packaging of a product based on open-source hardware will carry a logo indicating that the the designs are available online. As a first step, this would require the designer of the hardware to agree to use a "copyleft" license based on the hardware freedoms outlined above. The designer would then have to register with OHANDA to receive a tracking number for their design. The tracking number would be included on the trademark logo, so that an erstwhile hardware hacker or hardware chip designer could enter it into a computer and find the design in an online repository. This repository would also include information on the designer, the product ,and the license. 
Open Hardware Licenses as Boundary Objects
Open hardware licensing schemes have the potential to be enormously challenging to the structures of knowledge that characterize the software and hardware industry. At the same time, distilling cultural norms into licensing codes that are then applied as stand-ins for those complex social structures has some limitations. Partly, this is because licenses, as codified norms, have the potential act as what Star (1989; 2002) refers to as boundary objects. Boundary objects are texts or organizing conventions that are used for coordination and alignment between members different social worlds working in the same sphere but holding divergent goals. Star and Griesener's original (1989) notion of boundary objects refers to their coordinating activities in science, but subsequent work (notably Star, 2002) has explored how boundary objects -most often, standards -operate to coordinate and align other types of work including information systems design.
Locating and analyzing the appearance of boundary objects makes it possible to understand how communication occurs across communities, and thus, how knowledge moves and develops.
Star (2002) As this paper has discussed, pursuit of "openness" and thinly democratic participation in producing both software code and electronics hardware detract attention from the more fundamental shifts occurring elsewhere: in "long tails" of small-scale production of electronic devices for the Open source software's articulation with the market demonstrated that control could exist in the process of negotiation between emergent and hegemonic monopolies of knowledge. Attempts to recapitulate the negotiation that is at the centre of this control underestimate and perhaps undermine the other ways in which design knowledge is being produced and shared.
In general, hardware hacking practices introduce opportunities to develop new forms of technological citizenship, based on better knowledge about how things work, and increased abilities to take apart, repair and reconstruct the devices that increasingly mediate and facilitate our 
